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A B S T R A C T

Purpose
The Children’s Oncology Group Long-Term Follow-Up (COG-LTFU) Guidelines use consensus-
based recommendations for exposure-driven, risk-based screening for early detection of long-term
complications in childhood cancer survivors. However, the yield from these recommendations is
not known.

Methods
Survivors underwent COG-LTFU Guideline–directed screening. Yield was classified as negligible/
negative (� 1%), intermediate (� 1% to � 10%), or high (� 10%). For long-term complications
with high yield, logistic regression was used to identify subgroups more likely to screen positive.

Results
Over the course of 1,188 clinic visits, 370 childhood cancer survivors (53% male; 47% Hispanic; 69%
leukemia/lymphoma survivors; median age at diagnosis, 11.1 years [range, 0.3 to 21.9 years]; time from
diagnosis, 10.5 years [range, 5 to 55.8 years]) underwent 4,992 screening tests. High-yield tests included
thyroid function (hypothyroidism, 10.1%), audiometry (hearing loss, 22.6%), dual-energy x-ray absorptiom-
etry scans (low bone mineral density [BMD], 23.2%), serum ferritin (iron overload, 24.0%), and pulmonary
function testing/chest x-ray (pulmonary dysfunction, 84.1%). Regression analysis failed to identify
subgroups more likely to result in high screening yield, with the exception of low BMD (2.5-fold
increased risk for males [P � .04]; 3.3-fold increased risk for nonobese survivors [P � .01]). Screening
tests with negligible/negative (� 1%) yield included complete blood counts (therapy-related leukemia),
dipstick urinalysis for proteinuria and serum blood urea nitrogen/creatinine (glomerular defects),
microscopic urinalysis for hematuria (hemorrhagic cystitis, bladder cancer), ECG (anthracycline-related
conduction disorder), and hepatitis B and HIV serology.

Conclusion
Screening tests with a high yield are appropriate for risk groups targeted for screening by the
COG-LTFU Guidelines. Elimination of screening tests with negligible/negative yield should be
given consideration.

J Clin Oncol 30:4401-4408. © 2012 by American Society of Clinical Oncology

INTRODUCTION

One third of childhood cancer survivors report se-
vere or life-threatening complications 30 years after
diagnosis.1 Clear relationships exist between specific
therapeutic exposures and long-term complica-
tions2-5; surveillance for and early detection of these
complications in high-risk populations can poten-
tially reduce morbidity, given availability of appro-
priate interventions.6

In 2002, the Institute of Medicine called for
guidelines to direct long-term follow-up care of
childhood cancer survivors.7 The Children’s Oncol-

ogy Group (COG) responded by developing the COG
Long-Term Follow-Up (COG-LTFU) Guidelines, us-
ing the known association between therapeutic expo-
sures and long-term complications to create risk
groupsthatwouldneedscreening;althoughthedefini-
tionofat-riskpopulationswasevidencebased, themo-
dality and intensity of screening were consensus based
(Table 1).8 The COG-LTFU Guidelines have been in
use since 2003. However, the yield from these
consensus-based screening recommendations is not
known. It is also not known whether there are cer-
tain subgroups of survivors who could benefit from
lower or higher intensities of screening.
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Table 1. COG Long-Term Follow-Up Screening Recommendations and Definitions of Positive Screening Tests

Therapeutic Exposure Potential Late Effect COG-Recommended Screening
Positive Screening Test Definition Used for

This Study

Alkylators, topoisomerase II inhibitors,
autologous HCT

t-MDS/AML CBC yearly � 10 years after exposure Abnormal CBC (WBC � 4,000/�L, hemoglobin
� 10 gm/dL, platelet count � 150,000/�L, or
blasts present on differential) and pathology
report confirming diagnosis of therapy-related
myelodysplastic syndrome or AML

Cisplatin, carboplatin, ifosfamide,
methotrexate, radiation to kidney
(any dose)

Renal insufficiency BUN/creatinine: baseline Calculated GFR � 60 mL/min per 1.73 m2

according to Schwartz et al9 formula (for
patients age � 18 years) or Cockroft-Gault
formula10 (for patients age � 18 years)

UA for protein: yearly Proteinuria � 2�11

Cyclophosphamide, ifosfamide, pelvic
irradiation (any dose)

Hemorrhagic cystitis UA for microscopic hematuria: yearly � 5 RBCs/high power field12

Bladder cancer UA for microscopic hematuria: yearly � 5 RBCs/high power field and pathology report
confirming diagnosis of bladder cancer12

Antimetabolites, abdominal irradiation
� 30 Gy

Hepatic toxicity LFTs (ALT, AST, bilirubin): baseline ALT � 2� ULN or AST � 2� ULN or total
bilirubin � 1.5 mg/dL (ULN: ALT, 56 U/L;
AST, 46 U/L)13

Cisplatin, carboplatin, ifosfamide Renal tubular injury Potassium/magnesium/phosphorous:
baseline

� 2 of following: serum potassium � 3.5 mmol/
L, serum magnesium � 1.6 mg/dL, and
serum phosphorus � 2.6 mg/dL14

Neck irradiation (any dose) Hypothyroidism TSH, free T4: yearly TSH � 4.5 mIU/L15

Cisplatin, myeloablative carboplatin,
ear irradiation � 30 Gy

Hearing loss Audiometry: baseline (and every 5 years
for irradiation; yearly if age � 10
years)

Chang et al16 grade 1 to 4 hearing loss in better
ear

Anthracyclines Cardiac conduction disorder
(prolonged QT interval)

ECG: baseline and as clinically indicated Corrected QT interval: males: � 450 msec;
females: � 470 msec

Anthracyclines Cardiac left ventricular
systolic dysfunction

Echocardiogram: periodically (every 1 to
5 years) as indicated based on
anthracycline dose and age at
treatment

Ejection fraction � 55% or fractional shortening
� 28%

Bleomycin, busulfan, nitrosoureas,
chest irradiation (any dose),
allogeneic HCT with cGVHD

Pulmonary fibrosis Chest x-ray: baseline Radiology report indicates scarring of pulmonary
parenchyma and/or pleura per chest x-ray
report17

Pulmonary dysfunction
(restrictive, obstructive,
and/or diffusion defect)

PFTs: baseline � 1 of following: obstructive defect (FEV1 �
80% predicted), restrictive defect (TLC �
80% predicted), diffusion defect (DLCO �
80% predicted)17

Methotrexate, corticosteroids, HCT Low bone mineral density DEXA scan Patients age � 20 years: Z score � 2 SD below
mean; patients age � 20 years: T score � 1
SD below mean18 (screening limited to
patients age � 18 years; 65 patients age �
18 years not tested)

HCT Iron overload Serum ferritin: baseline Serum ferritin � 500 ng/mL19

Blood products before 1972 Chronic hepatitis B
infection

Hepatitis B surface antigen and core
antibody: baseline

Positive hepatitis B surface antigen and core
antibody

Blood products before 1993 Chronic hepatitis C
infection

Hepatitis C antibody and PCR: baseline Positive hepatitis C antibody with confirmatory
PCR

Blood products between 1977 and
1985

HIV infection HIV serology: baseline Positive HIV 1 and 2 antibody screen (ELISA)
confirmed by Western blot

Alkylators, pelvic irradiation (any dose) Gonadal dysfunction
(females): premature
menopause

FSH: baseline at age 13 years and as
clinically indicated

FSH � 13 mIU/mL20

Alkylators, pelvic irradiation � 20 Gy Gonadal dysfunction
(males): Leydig cell
dysfunction

Serum testosterone: baseline at age 14
years and as clinically indicated

Serum testosterone � lower limit of normal
based on Tanner stage: 1, � 11; 2, � 18; 3,
� 100; 4, � 200; and 5/adult, � 275 ng/mL21

Chest/thorax irradiation � 20 Gy Breast cancer Mammogram: yearly Abnormal mammogram (BI-RADS category 3 to
5) and pathology report confirming diagnosis
of breast cancer22

Abbreviations: AML, acute myeloid leukemia; BI-RADS, Breast Imaging Data Reporting System; BUN, blood urea nitrogen; CBC, complete blood count;
cGVHD, chronic graft-versus-host disease; COG, Children’s Oncology Group; DEXA, dual-energy x-ray absorptiometry; DLCO, diffusion capacity of lung for
carbon monoxide; ELISA, enzyme-linked immunosorbent assay; FEV1, forced expiratory volume in 1 second; FSH, follicle-stimulating hormone; GFR,
glomerular filtration rate; HCT, hematopoietic cell transplantation; LFT, liver function test; PCR, polymerase chain reaction; PFT, pulmonary function test; SD,
standard deviation; T4, thyroxine; TLC, total lung capacity; t-MDS/AML, therapy-related myelodysplastic syndrome/acute myeloid leukemia; TSH,
thyroid-stimulating hormone; UA, urinalysis; ULN, upper limit of normal.
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In this study, we aimed to determine the yield of the COG-
LTFU Guidelines in identifying key long-term complications in a
cohort of childhood cancer survivors who underwent guideline-
directed screening during routine follow-up care. Specifically, we
aimed to identify populations of survivors with high, intermediate,
or low yield and to use the information obtained to refine the
COG-LTFU Guidelines.

METHODS

Study Participants

Participants were childhood cancer survivors enrolled in the institu-
tional review board–approved City of Hope LTFU Clinic for Childhood
Cancer Survivors (LTFU Clinic) aimed at providing comprehensive long-
term follow-up care for childhood cancer survivors. Eligibility for inclu-
sion in the current analysis was as follows: diagnosis of pediatric cancer at
age � 21 years, treatment with radiation and/or chemotherapy and/or he-
matopoietic cell transplantation (HCT), � 5 years from diagnosis, remission
for � 2 years after completion of cancer therapy, and participation in the
LTFU Clinic. Written informed consent was obtained from each participant or
his or her legal representative.

Procedures

Risk-based screening. Medical records were reviewed to determine each
participant’s therapeuticexposures, includingcumulativedosesofchemother-
apy, radiation doses/fields, surgical procedures, and HCT-related details. A
computerized algorithm was used to generate a list of screening tests, tailored
to each patient’s specific therapeutic exposures, sex, age, and time since expo-
sure; the list of recommendations was reviewed and confirmed by a clinician to
assure precise adherence to COG-LTFU Guidelines. Participants underwent
screening evaluations in the LTFU Clinic and were invited to return annually
for follow-up.

Identification of long-term complications. Results of all screening tests
were defined a priori (Table 1) and classified as positive, negative, or indeter-
minate by two study team members (W.L., O.T.). Participants were excluded
from the analysis for the targeted complication if they had been diagnosed with
the targeted complication before their first screening visit (the outcome was
excluded from the screening yield analysis but included in the prevalence
report), if the positive screening test was inevaluable (eg, hematuria in urine
specimen obtained from menstruating female survivor), or if the positive
screening result was because of an unrelated condition (eg, thrombocytopenia
related to immune thrombocytopenic purpura). Medication records were
reviewed to clarify false-negative screening (eg, normal thyroid-stimulating
hormone in patient receiving thyroid replacement therapy for previously
diagnosed hypothyroidism). Indeterminate test results that could not be clas-
sified after a second level of review were referred to the senior researcher (S.B.)
for final arbitration.

Statistical Analyses

Screening yield. Screening yield was defined as the ratio of the number of
positive screening tests in evaluable at-risk previously undiagnosed patients to
the total number of evaluable screening tests completed. Screening yield was
classified as negligible/negative (� 1%), intermediate (� 1% to � 10%), or
high (� 10%) based on the prevalence of the targeted late effects reported in
the literature (detailed rationale for the classification is provided in the Appen-
dix, online only). Clinical and demographic characteristics (sex, race, diagno-
sis, age at diagnosis, age at testing, time since diagnosis, therapeutic exposures
that triggered screening) were summarized for the screened population for
each complication. For long-term complications with high yield, logistic re-
gression techniques were used to identify subgroups (defined by relevant
demographic and clinical characteristics) most likely to screen positive. The
following variables were examined for their association with yield: primary
cancer diagnosis, age at diagnosis, time since diagnosis, age at participation,
sex, race/ethnicity, and HCT (none, autologous, allogeneic with or without
chronic graft-versus-host disease) for all analyses; in addition, the following

variables were examined for specific outcomes: platinum chemotherapy and
radiation field involving the ear (ototoxicity); body mass index (pulmonary
dysfunction, low bone mineral density [BMD]); bleomycin, lomustine, car-
mustine, busulfan, and chest irradiation/total-body irradiation (pulmonary
dysfunction); prednisone, dexamethasone, methotrexate, and gonadal dys-
function (low BMD); and number of relapses (iron overload). The final mul-
tivariate regression models always included primary diagnosis, time since
diagnosis, sex, race/ethnicity, and age at diagnosis or study participation;
additional variables that were significant at P � .2 in the univariate analysis
were also retained in the final models.

Prevalence. Prevalence was defined as the ratio of at-risk survivors
newly identified with the targeted complication by screening, plus the
number of at-risk survivors diagnosed with the complication before their
first screening visit (but after receiving cancer therapy), to the total number
of at-risk survivors.

RESULTS

Participant Characteristics

Between October 1, 2003, and October 31, 2010, 370 childhood
cancer survivors underwent COG-LTFU Guideline–directed evalua-
tions; of these, 59 underwent one evaluation, 89 underwent two eval-
uations, and 222 underwent more than two annual evaluations.
Median age at diagnosis was 11.1 years (range, 0.3 to 21.9 years);
median follow-up was 10.5 years (range, 5 to 55.8 years); median age at
first evaluation was 23.9 years (range, 5.3 to 57.2 years). Fifty-three
percent of participants were male; 47% were Hispanic; 69% had a
primary diagnosis of leukemia or lymphoma. Participant characteris-
tics are summarized in Table 2 and detailed by time from diagnosis (in
5-year increments) in Appendix Table A1 and Appendix Figure A1
(online only).

Screening Yield

A total of 5,062 screening recommendations were generated by
the computerized algorithms for the 370 participants over the course
of 1,188 annual evaluations in the LTFU Clinic. All survivors in the
cohort underwent at least one screening test. Of the 5,062 recom-
mended tests, 4,992 (98.6%) were completed, and 4,954 (99.2%) of
the 4,992 completed tests were evaluable (Appendix Table A2, online
only). Eight of the evaluable tests (0.16%) were deemed indeterminate
during the initial two levels of review and were referred to the senior
researcher, who provided final arbitration. Screening yield is shown in
Figures 1A to 1C and in Appendix Table A3 (online only). Clinical
characteristics of the at-risk populations and corresponding screening
results are summarized in Appendix Table A4 (online only).

High yield. Screening per COG-LTFU Guidelines resulted in
high yield (� 10%) for the following complications: hypothyroidism
(10.1%), hearing loss (22.6%), low BMD (23.2%), iron overload
(24%), and pulmonary dysfunction (84.1%).

Intermediate yield. Screening resulted in intermediate yield (1%
to � 10%) for the following complications: renal tubular dysfunction
(2.4%), chronic hepatitis C infection (HCV; 2.9%), breast cancer
(2.9%), hepatic dysfunction (3.8%), left ventricular (LV) systolic dys-
function (6.0%), premature menopause (6.6%), and Leydig cell dys-
function (8.2%).

Negligible/negative yield. Screening resulted in negligible/nega-
tive yield (� 1%) for the following: renal glomerular dysfunction
(0.2% by urinalysis; 0% by serum blood urea nitrogen/creatinine),

Yield of Screening With COG LTFU Guidelines
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anthracycline-related cardiac conduction disorder (0.08%), therapy-
related myelodysplasia/acute myeloid leukemia [t-MDS/AML] (0%),
hemorrhagic cystitis (0%), bladder cancer (0%), chronic hepatitis B
infection (0%), and HIV (0%).

Populations With the Highest Probability for High

Yield From Screening

Multivariable logistic regression analyses performed for compli-
cations with high yield failed to identify subgroups more likely to
result in high screening yield, with the exception of low BMD (2.5-fold
increased risk for male compared with female survivors [27.2% v
18.4%; P � .04]; 3.3-fold increased risk for nonobese compared with
obese survivors [29.2% v 10.5%; P � .01].

Prevalence

Pre-existing conditions diagnosed in � 5% of at-risk partici-
pants before initiation of screening included chronic HCV infec-
tion (6.2%), pulmonary dysfunction (8.2%), low BMD (10%),
hearing loss (12.7%), breast cancer (16.7%), gonadal dysfunction
(female, 20.8%; male, 25.6%), and hypothyroidism (29.6%). Con-
ditions with high (� 10%) overall prevalence (pre-existing condi-
tions plus conditions newly identified by screening) in at-risk
patients included LV systolic dysfunction (15.0%), breast cancer

(23.3%), iron overload (24.0%), gonadal dysfunction (female, 26.0%;
male, 31.7%), low BMD (30.8%), hearing loss (32.4%), hypothyroid-
ism (36.7%), and pulmonary dysfunction (85.4%). Prevalence of
long-term complications is summarized in Figures 2A to 2C and
Appendix Table A3 (online only).

Table 2. Demographic and Clinical Characteristics of Study Participants

Characteristic No. %

Cohort size 370
Age, years

Diagnosis
Median 11.1
Range 0.3-21.9

Study participation
Median 23.9
Range 5.3-57.2

Time from diagnosis to study entry, years
Median 10.5
Range 5-55.8

Male sex 195 52.7
Race

Asian 30 8.1
Black 12 3.2
Hispanic 174 47.0
Non-Hispanic white 141 38.1
Other 13 3.5

Diagnosis
Acute lymphoblastic leukemia 124 33.5
Acute myeloid leukemia 29 7.8
CNS tumor 17 4.6
Hodgkin lymphoma 58 15.7
Non-Hodgkin lymphoma 39 10.5
Germ cell tumor 15 4.1
Wilms tumor 15 4.1
Bone and soft tissue sarcoma 46 12.4
Other 27 7.3

Any chemotherapy 351 94.9
Any radiation 206 55.7
HCT 96 25.9

Abbreviation: HCT, hematopoietic cell transplantation.
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Fig 1. Screening yield (A) � 10%, (B) � 1% to � 10%, and (C) � 1%. CBC,
complete blood count; CXR, chest x-ray; DEXA, dual-energy x-ray absorptiom-
etry; Echo, echocardiogram; FSH, follicle-stimulating hormone (females only);
Heme, microscopic hematuria; Hep B, hepatitis B surface antigen and core
antibody; Hep C, hepatitis C antibody and confirmatory polymerase chain
reaction; LFTs, liver function tests; Mammo, mammogram; Mg/K/Phos, magne-
sium/potassium/phosphorous; PFT, pulmonary function test; TSH, thyroid-
stimulating hormone; UA, urinalysis.
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DISCUSSION

To our knowledge, this is the first study that reports the yield of nearly
5,000 screening tests following meticulous application of COG-LTFU

screening guidelines in a cohort of childhood cancer survivors. Using
this approach, we were able to identify screening tests with high and
low yield in the context of the prevalence of these conditions in the
at-risk populations, with implications for guideline refinement. Con-
ditions with a high prevalence included LV systolic dysfunction
(15%), iron overload (24%), low BMD (31%), hearing loss (32%),
hypothyroidism (37%), and pulmonary dysfunction (85%); these
findings are consistent with previous reports (pulmonary toxicity
[13% to 87%],4,23-28 iron overload [40% to 93%],29-31 low BMD [21%
to 65%],32-34 hearing loss [25% to 83%],35-39 and hypothyroidism
[21% to 57%]40-45). However, in our study, we differentiated screen-
ing yield from pre-existing conditions, with both contributing to the
overall prevalence.

Screening according to the COG-LTFU Guidelines resulted in
high yield for several conditions, likely a reflection of the generally
asymptomatic nature of these conditions in the early stage and the
fairly long latency after exposure to specific therapeutic agents. Thus,
although pulmonary dysfunction had already been diagnosed in 8%
of the patients before screening in this clinic, it was newly identified in
84% of at-risk patients screened, demonstrating the necessity to screen
those at risk so that appropriate preventive/interventional measures
can be instituted to decelerate the progression and, in some, reverse
the process. Similarly, low BMD had been previously diagnosed in
10% of the at-risk population, but screening resulted in identification
of low BMD in 23% of the remaining patients at risk. Hypothyroidism
generally has a short latency after irradiation, but cancer survivors
remain at risk for many years. In the current study, 30% of at-risk
patients had already been diagnosed with hypothyroidism at the time
of study entry, and screening resulted in a diagnosis of hypothyroid-
ism in 10% of the remaining at-risk patients. Iron overload is generally
an asymptomatic condition until organ (eg, cardiac, liver) dysfunction
occurs as a result of high iron burden over a prolonged period of time.
It is therefore not surprising that no patients were identified with iron
overload before study entry, and screening resulted in identification of
24% with iron overload. Hearing loss, generally related to platinum
agents with or without radiation, typically has a short latency, but it
can be diagnosed several years after therapeutic exposure, because
platinum-related hearing loss initially affects the higher frequencies,
and patients/families may not identify the hearing loss unless it affects
day-to-day activities. In our study, 13% of the patients were diagnosed
with hearing loss before study entry; screening resulted in 23% of the
remaining at-risk patients being newly identified with hearing loss.
Although standard therapeutic interventions are readily available and
likely to benefit survivors with some of these high-yield conditions (eg,
thyroid replacement therapy for hypothyroidism,46 auditory amplifi-
cation for hearing loss,47 calcium supplementation and bone loading
for low BMD48), interventions for asymptomatic patients with other
conditions (eg, iron overload,29 pulmonary dysfunction49) are cur-
rently under investigation. In particular, for the 84% of survivors who
received potentially pulmonary toxic therapy and were identified with
previouslyunrecognizedsubclinicalpulmonarydysfunctiononscreening
evaluation, the implications of these findings are as yet unknown. How-
ever, because pulmonary function declines with age, these findings may
portend future symptomatic pulmonary dysfunction as this popula-
tion ages50 and thus may have implications for the need to develop
interventions to preserve or enhance pulmonary function in this vul-
nerable population.
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Fig 2. Pre-existing conditions, screening yield, and overall prevalence for (A)
high-yield (� 10%), (B) intermediate-yield (� 1% to � 10%), and (C) negligible/
negative-yield (� 1%) screening tests. CBC, complete blood count; CXR, chest
x-ray; DEXA, dual-energy x-ray absorptiometry; Echo, echocardiogram; FSH,
follicle-stimulating hormone (females only); Heme, microscopic hematuria; Hep
B, hepatitis B surface antigen and core antibody; Hep C, hepatitis C antibody and
confirmatory polymerase chain reaction; LFTs, liver function tests; Mammo,
mammogram; Mg/K/Phos, magnesium/potassium/phosphorous; PFT, pulmonary
function test; TSH, thyroid-stimulating hormone; UA, urinalysis.
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Screening determinations used in this study were based on ther-
apeutic exposures already identified by the COG-LTFU Guidelines as
placing patients at risk for the targeted complications. The generally
negative findings for subgroups with a higher likelihood to screen
positive lend support to the appropriateness of risk groups targeted for
screening by the COG Guidelines. The only exceptions were the iden-
tification of male sex and lack of obesity to be associated with an
increased probability of low BMD; these findings are consistent with
previously reported observations.51-56

The intermediate yield for renal tubular dysfunction (2%), chronic
HCV infection (3%), breast cancer (3%), hepatic dysfunction (4%), LV
systolic dysfunction (6%), premature menopause (7%), and Leydig cell
dysfunction (8%) is probably a reflection of the low overall incidence of
some complications (eg, hepatic dysfunction); the long latency of others
(eg, breast cancer, LV systolic dysfunction; the yield will likely increase as
follow-up matures); the short latency associated with some conditions
(eg,gonadaldysfunction),suchthattheconditionswerediagnosedbefore
study entry; or the combination of short latency and self-resolving course
(eg, renal tubular dysfunction), such that by the time the patients entered
this study, the condition was no longer present. These scenarios are con-
firmed by the wide range of the overall prevalence of the intermediate-
yield conditions (renal tubular injury, 5%; Leydig cell dysfunction, 32%).

The prevalence of renal tubular and LV systolic dysfunction in our
cohort is comparable to that reported by others. In contrast, the higher
prevalence of breast cancer (23%) in our cohort, compared with other
studies (6% to 12%),57 may be the result of inclusion of patients in the
previous studies regardless of age or therapeutic exposure, whereas pa-
tients included in our study were targeted for screening based on thera-
peutic exposures (chest irradiation dose � 20 Gy), current age (� 25
years), and time from therapy (� 8 years after irradiation).

The low prevalence of hepatotoxicity (5%) in our study is similar to
that reported by others.58,59 The risk for acquisition of transfusion-related
HCV infection in the United States extended through 1992,60 and reports
of seroprevalence have ranged from 2% to 53%.61-64 The prevalence of
chronic HCV infection (9%) seen in our study is comparable to that
reported by St Jude Children’s Research Hospital.64 Given the potential
morbidity associated with this complication and the availability of effec-
tive treatments, continuation of this screening may be prudent.65

The prevalence of Leydig cell dysfunction in childhood cancer
survivors has ranged from 2% to 23%,66-69 lower than the prevalence
identified in our study (32%). This may reflect the higher proportion
of at-risk patients with a history of HCT (52%) in our cohort, a large
proportion of whom received testicular irradiation (48%), and the fact
that our cohort included only those at risk for the complication be-
cause of gonadotoxic therapeutic exposure.

All seven conditions with negligible yield also had a low preva-
lence (anthracycline-related cardiac conduction disorder, 2.8%; hem-
orrhagic cystitis, 1.1%; glomerular dysfunction, 0.7% by urinalysis
and 0% by serum BUN/creatinine; t-MDS/AML, 0%; bladder cancer,
0%; chronic hepatitis B, 0%; HIV, 0%). Our findings are similar to the
extremely low prevalence of t-MDS/AML70 and bladder cancer71

reported by others. Glomerular injury after ifosfamide and platinum-
based chemotherapy,72,73 improves over time.74,75 No reports of late-
onset hemorrhagic cystitis in cohorts of childhood cancer survivors
were identified in the literature. Recent studies have found a low
prevalence of prolonged QT interval after anthracycline exposure.76

Finally, complete blood counts obtained during the first 10 years after

exposure and annual lifelong urinalyses accounted for the vast major-
ity of the screening tests that resulted in negligible/negative yield.

The study needs to be considered within the context of certain limi-
tations.Thestudypopulationwaslimitedtosurvivorswhoparticipatedin
the LTFU Clinic. Bias could potentially result from clinical and sociode-
mographic differences between those who did and did not attend the
LTFU Clinic and differences in lifestyle exposures (ie, high-risk health
behaviors). However, the yield of complications for a given screening test
is driven by therapeutic exposures, thus minimizing the impact of any
participation bias. Additionally, the sample was drawn from participants
who entered the study at varying lengths of time from cancer diagnoses.
Because latencyvariesby long-termcomplication, it ispossible thatnotall
complications had become detectable at screening, and conversely, it is
possible that some complications with shorter latency that were already
diagnosed before entry into the LTFU Clinic (deemed pre-existing con-
ditions) would have been detected by screening had the affected partici-
pants presented for their initial screening at an earlier time point.
Interpretation of our data in the context of both prevalence and screening
yield addresses the varying length of follow-up.

In this uniformly screened cohort of childhood cancer survivors
using the COG-LTFU Guidelines, we found that screening yield was
high for pulmonary dysfunction, hypothyroidism, iron overload,
hearing loss, and low BMD. Screening tests with negligible/negative
yield included complete blood counts (therapy-related leukemia),
dipstick urinalysis for proteinuria and serum blood urea nitrogen/cre-
atinine (glomerular defects), microscopic urinalysis for hematuria
(hemorrhagic cystitis, bladder cancer), and ECG (anthracycline-
related conduction disorder). Elimination of these screening tests
should be given consideration. Although the period of elevated risk for
acquisition of transfusion-related hepatitis B and HIV infections in the
United States ended with initiation of screening of blood products for
hepatitis B (1972)77 and HIV (1985),78 the serious implications of
undetected occult HIV and hepatitis B virus infection, and the avail-
ability of effective therapy for these conditions, suggest that screening
may be prudent, despite low yield.79,80

Information related to the yield of the screening tests recom-
mended by the COG-LTFU Guidelines has several practical implica-
tions. This information is useful for primary care providers, because
they carry an increasing burden of caring for childhood cancer survi-
vors at risk for complex health conditions. The high yield of certain
screening tests demonstrates the need for referral to subspecialists for
appropriate interventions and hence a need for increased awareness of
these complications by the specialists. Finally, the incidence of
treatment-related complications will likely increase with time from
diagnosis, making it imperative to continue follow-up of our child-
hood cancer survivors, using standardized recommendations, such as
those offered by the COG-LTFU Guidelines. However, given the fact
that the recommendations in the COG-LTFU Guidelines are consen-
sus based, this study serves as an example of how application of the
COG-LTFU Guidelines in a clinical setting can be used to refine them.
The results of this study support the need for additional research to
contribute to ongoing refinement of the recommendations for screen-
ing frequencies and modalities within the COG-LTFU Guidelines.
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